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INTRODUCTION 



Observations of star clusters are often used as test-beds for 
theories of star formation, the stellar initial mass function 
(IMF) and dynamical evolution. An important ingredient 
in most of these theories is the differential distribution of 
stellar masses within a cluster, or mass segregation. 

In several resolved clusters, evidence of mass seg- 
regation has been claimed on the basis of observed 
variations of the stellar mass function (M F) with dis- 
tance to the cluster centre (see for e xample Brandl ct al. 
19961: iHiUenbrand fc HartmannI 1 19981 : Ide Griis c t al. 2002.: 
Stohe et al.ll2002l for R136 in 30 Doradus, the Orion Neb- 



ABSTRACT 

We consider the effect of mass segregation on the observable integrated properties of 
star clusters. The measurable properties depend on a combination of the dynamical 
age of the cluster and the physical age of the stars in the cluster. To investigate all 
possible combinations of these two quantities, we propose an analytical model for 
the mass function of segregated star clusters that agrees with the results of N-body 
simulations, in which any combination can be specified. For a realistic degree of mass 
segregation and a fixed density profile, we find with increasing age an increase in 
the measured core radii and a central surface brightness which decreases in all filters 
more rapidly than what is expected from stellar evolution alone. Within a Gyr the 
measured core radius increases by a factor of two and the central surface density in 
all filters of a segregated cluster will be overestimated by a similar factor if mass 
segregation is not taken into account during the conversion from light to mass. We 
find that the V — I colour of mass segregated clusters decreases with radius by about 
0.1-0.2 mag, which could be observable. From recent observations of partially resolved 
extra-galactic clusters, a decreasing half-light radius with increasing wavelength was 
observed, which was attributed to mass segregation. These observations can not be 
reproduced by our models. In addition, we provide physical arguments based on the 
evolution of individual stars that one should not expect strong dependence of core 
radius as a function of the wavelength. We find that the differences between measured 
radii in different filters are always smaller than 5%. 

(see for example iBonnell et al.l [19971 ). it is expected that 
the most massive stars form in the highest density environ- 
ments, corresponding to the inner parts of the clusters. The 
preferential formation of massive stars in the centre of the 
cluster is often used to explain the observations of dynami- 
cally young, but mass segregated clusters. 



ula Cluster, clusters in the LMC and the Arches cluster, 
respectively). These observations claim an overabundance 
of massive stars in the cluster centre. This stratification of 
stellar masses is expected from dynamical evolution, since 
dynamical friction slows down the most massive stars. As 
a result, these stars sink to the cluster centre on a time- 
scale that is inversely proportional to their mass. Because 
the aforementioned clusters are dynamically young, the ob- 
servations advocate a primordial origin for this segregation 
of stellar masses. 

From the "competitive accretion" star formation model 



The determination of the stellar MF in different an- 
nuli around the cluster centre, which is the most com- 
mon technique used to "detect" meiss segregation in re- 
solved clusters, is hampered by several observational difii- 
culties. First, crowding and blending of st ars in the core 
can mimic a shallower MF at that location ('Mafz A pellanij 
I2OO8I : lAscenso et all I2OO7I ). Second, the determination of 
stellar masses from the observed luminosities depends on the 
adopted age, which is usually taken constant for all stars in 
the cluster. However, only a s mall spread in age is enough to 
cause misinterpretations (see lHunter et anil995l . who show 
that the MF of the R136 cluster is consistent with Salpeter 
when this effect is taken into account). 

Alternatively, integrated properties, such as the sur- 
face brightness profile in different filters can be employed 
to study radial variations of the stellar MF. In this way one 
does not have to rely on individual star counts, thus avoiding 
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possible biases; moreover, this method can be used for clus- 
ters at larger distances. It was shown that metal-rich (red) 
star clusters appear to have smaller half-light radii than their 
metal-poor (blue) counterparts (|Jordan.2004i V In addition, 
one could expect that segregated star clusters appear larger 
in the ultra-violet (UV) than in the near infra-red (NIR) as 
most of the light at these red wavelengths comes from the 
massive stars, whereas the bluer wavelengths are dominated 
by inter mediate mass stars. T entative evidence for this is 
given bv lMcCradv et al.1 l|2005l ) who find a decreasing half- 
light radius, or effective radius (rcfr), with inc reasing wave- 
length for the young massive cluster M82-F. iLarsen et al.l 
l|2008l ') find for NGC 1569-B that the retr measured in the 
?7-band is around 30-50% larger than the reff measured in 
the /-band. A smaller radius in the redder filters is qualita- 
tively what one would expect when the massive (red) stars 
are more centrally concentrated, but it has thus- far not been 
quantified how large the expected difference is. 

Although the integrated properties are free of the bi- 
ases that are encountered in methods that rely on individ- 
ual star counts, there are other proble ms such as variation s 
of the PSF between the different fi lters ([Larsen et al]|2008l) . 
differential foreground e xtinction llBastian et al" 2007 ) and 
intra-cluster extinction (jStolte et al.ll2002l ). that make it a 
challenging task to accurately determine intrinsic differences 
between the cluster properties in different filters. 

To quantify the expected variations in different filters, 
we present a method to rapidly simulate integrated lumi- 
nosity profiles of mass segregated star cluster in different 
filters. We choose to do this analytically to avoid statistical 
fluctuations which one has to deal with when considering 
(realistic) A'^-body systems, and therefore we do not include 
the dynamical evolution. Instead, we apply our method to 
clusters with different concentrations, which may result from 
dynamical evolution. 

In Sect. [2] we introduce the model of the mass function 
of a segregated star cluster and in Sect. [3] we present simu- 
lated observational properties of such clusters. A discussion 
and our conclusions are presented in Sect. |4] 



2 THE MODEL 



Recent numerical l|Portegies Zwart et al.l 1200 



iGaburov et~al] 120081 ) and observational l|Kim et al] |2006| ) 

results suggest that the mass function in the inner parts of 
young (dynamically) segregated star clusters has a broken 
power-law form with the slope on the high mass end being 
shallower. We assume a segregated mass function (SMF) 
of the following form. For r < rhm, with rhm being the 
cluster's half-mass radius in three dimensions, the SMF is 



g{m, r) oc 



mio < m < fi — 2{m)g, 

a(r) (1) 

, fi < m < rriup. 



Here {m)^ is the mean mass of the initial MF (IMF), r 
is the distance to the cluster centre, oq is the index of 
the IMF which is assumed to be a power-law, mio and 
rriup are the lower and upper limits of the MF, respec- 
tively, and a{r) is the r dependent power-law index of the 
SMF at the high-mass end. The outer part of the SMF 
{g(m,r > rhm) ~ ffoo(rra)) does not depend on distance to 



the cluster centre. It can be uniquely constructed in such a 
way that the integrated clust er mass function results in the 
IMF, which we assume to be a ISalpeterl (ll955D mass function 
between O.15M0 and lOOM©. In other words, the excess of 
massive stars in the centre of the star cluster occurs at the 
expense of reducing the number of these stars in the outer 
regions. 

The form of the mass function depends on the choice 
of the index Q(r), which can be arbitra,ry. Gu ided by A- 
body simulations jPortegies Zwart et al.l |2007| ) , we choose 
the following "Ansatz" 



a(r) 



+ aa 



1 + hf 



(2) 




1-4, 



Here ac is a free parameter determining the degree of mass 
segregation in the cluster centre, (/> is a free parameter that 
specifies the functional form of a{r), Vc is the core radius of 
the underlying density profile p{r), and Ooo is a parameter 
which is constrained by the condition that the mean stellar 
mass is a continuous function of r, so that there is no jump 
at rhm. For a given p(r) there is a maximum possible Oc 
that can be achieved in our model in order to satisfy the 
constraint set by the initial MF. We compute this maximum 
Qc by solving gooirriup) = 0. Physically, this means that all 
the most massive stars from the outer region are already in 
the inner region. Therefore, any further increase in ac will 
result in a negative Qooi'm) for some m below mup, and this 
is clearly an unphysical situation. 

Given g{m, r) and p(r) we can calculate the surface 
brightness profile in different broad-band filters. We use 
the Padova isochrones for solar metallicity (Z = 0.019) 
(BcrtcUi et al."l994!; iGirardi et aLlll996l . |2000| ) and the con- 
version to the Johnson-Cousins-Gl ass UBVRIJHK photo- 
metric system (iGirardi et al.ll2002l ) to convert mass to light. 
Our results do not depend on the adopted metallicity. Also, 
we explicitly note that all stars in the cluster have the same 
age and metallicity, which might be an oversimplification, 
since star cluster w ith multiple popula tion are know, both 
you ng (for example Mackev et aLll2008l ) and old (for exam- 
ple IPiotto et al.l 12007 ) . The spatial luminosity profile in a 
filter centred at wavelength A, L\{r), is computed using 
the following conversion L\{r) = p{r)[l\{g{m,r))/ {m){r)], 
in which {m){r) — J mg{m,r) dm is the mean stellar mass 
as a function of r, and l\{g{m,r)) — J L\(m)g(m,r) dm 
with Lxijn) being the luminosity of a star of mass m in a 
filter with central wavel ength \. 

We used a series of iKind (Il966f) models parameterised 
by a scaled central potential Wo ( Binnev fc Tremainelll987h 
as the input density profiles; these models were generated 
by t he starlab software package (jPortegies Zwart et al.l 
l200ll fl. We obtain the projected core radius and the sur- 
face brightness profile by fitting a lKind (|l962l ) profile to our 
models after projecting them in 2D. 

Currently, our model contains three free parameters: 
Wo, ac, 4>- However, by considering only the maximal value 
of Qc, we reduce the number of free parameters to two be- 
cause the index Qc is constrained by Wq. In this case, the 
value of etc corresponds to the maximum degree of segrega- 
tion which is reached at the moment of core collapse and 

^ http:/ /www. manybody.org/starlab 
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Figure 1. Surface brightness as a function of a distance to the cluster centre, which is given in units of core radius of non-segregated 
star cluster. The dotted blue line shows a surface brightness profile in (7-band, dashed green line is for V-band and dash-dot red line is 
for /-band. The black line represents surface brightness profile of a non-segregated cluster in V-band. The mass density profile for all 
the clusters of different ages is kept the same. The density profiles are King models with Wo = 5, 7 and 9 for top, middle and bottom 
panels, respectively. 



rema i ns roughly const ant after that (jPorteeies Zwart et al.l 
I2OO7I : iMcMillan et al. II2OO7). Our results can therefore be 
considered as upper limits, since smaller values for Uc will 
weaken the imprint of mass segregation on the integrated 
properties. We focus our studies on King models with Wo = 
5, 7, 9. We find that the simulated properties depend weakly 
on the value of Wo- Fitting Eq. [5] to A''-body simulations 
IPortegies Zwart et aLll2007l ). we find that ~ 0.3. Never- 
theless, our numerical experiments show weak dependence 
of the integrated properties on this parameter. Thus, we 
generally present our results for = 0.5 unless mentioned 
otherwise. 

Even though there are other metho ds which include 
mass segregation in star cluster models (|Subr et al.l I2OO8I : 
iMarks et al.ll200"^ . we prefer this broken power-law approx- 
imation because it was found in dynamical simulations. In 
addition, we also provide physical argumentation based on 



stellar evolution why our results are not expected to be sen- 
sitive to stellar metallicity and the details of the model of 
mass segregation. 



3 RESULTS 

Our aim is to understand the effect of mass segregation on 
the observed size of clusters, particularly on rc and the sur- 
face brightness profiles in different filters, as a function of 
age. In addition, we study the radial variation of colour, 
since it is expected that the central part of the cluster is 
redder than the outer parts, due to the overa bundance of 
massive (red) post main-sequence stars there l|Fleck et al.l 
l2006h . We note that we allow the stars to evolve while fixing 
the density profile, which is of course not realistic from a dy- 
namical point of view. In reality, the measurable properties 
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of mass segregated clusters will result from a complex inter- 
play between mass loss by stellar evolution and dynamical 
relaxation processes. Such models only allow the choice of 
one combination of dynamical and physical age making the 
exploration of the full parameters space too time-consuming 
for t he scope of thi s stu dy. We refer the read er to the stud- 
ies of lHurlevI (|2007h and lMackev et all (|2007h as examples of 
full Af-body studies that take into account stellar evolution 
and the effects of projection. 

3.1 Core radii 

Mass segregated star clusters have an excess of massive stars 
in their central regions. As a result, t hey are expected to ap- 
pear smaller in the NIR than in UV (|Sternberdll998l ) , since 
the light at these wavelengths is dominated by massive stars. 
If this is correct, it may provide a robust method for deter- 
mining mass segregation in slightly resolved (extra-galactic) 
star clusters at distances up to several Mpc. 

In Fig. [1] we show for different ages the surface bright- 
ness profiles for mass segregated clusters with different den- 
sity profiles in the U, V and / filters resulting from our 
model (Sect. [2]). We use the same p{r) at all ages in order to 
eliminate effects related to the dynamical evolution of the 
cluster. 

At an age of lOMyr the difference in rc between the 
U and I filter is just 6%, with the smallest radius in the 
7-band. The difference between the true and observed core 
radius is roughly a factor of two, with the measured ra- 
dius being smaller. This is because the massive stars dom- 
inate the light in all filters and are overabundant in the 
centre. In the course of time, massive stars leave the main- 
sequence and become dark objects, such as black holes or 
neutron stars, which results in an apparent increase of the 
core radius. The observed core radii become roughly 80% of 
the true core radii at this age and the difference between 
core radii in the different filters has nearly disappeared. Fi- 
nally, at 1 Gyr the light is dominated by red-giant and AGB 
stars. The turn-off point is close to 2Mq and the light-to- 
mass ratio in the core is close to unity. We find that the 
observed core radius is 10% smaller than the true core ra- 
dius, thus providing a good estimate of the true rc. How- 
ever, it is unclear whether at 1 Gyr the mass function can 
still be represented by a broken power-law (Eq.[T]). In fact, 
recent results suggest that in globular clusters, it is the 
low-m ass part of mass func t ion which becomes r depen - 
dent (|De Marchi et al.ll2000l : iBaumgardt fc Makinol l2003l ). 
We note that in our model we have assumed that the mass 
of all remnants is retained, that is, we do not take into ac- 
count kick velocities, and the mass of the r emnant we esti- 
mate from its zero age main sequence m ass (lEggleton et al.l 
ll989l : |Portegies Zwart fc Verbuntlll996l ) 

The apparent increase of rc with age implies that light 
is no t a good tracer of m a ss for young mass segregated clus- 
ters. iMackev fc Gilmord (|2003l ) observed a clear trend of 
increasing core radius with age, which can partially be ex- 
plained by the effect of mass segregation making the younger 
clusters appear more compact. Howeve r, dynamical effects , 
such as heating by black hole binaries (|Merritt et al.l [20041 : 
iMackev et al.l |2007| ) are still required to fully explain the 
observed trend of the increasing rc with age for the LMC 
clusters. 



In the lower panel of Fig. O we show the time evolution 
of the difference between the true rc and the observed rc 
in the U, V and / filters, as well as the rc computed from 
the bolometric surface brightness profile. As we have shown 
before, the difference between the true and the observed rc 
decreases in the course of time from roughly 50% at 10 Myr 
to about 10% at 1 Gyr. This result is quite robust showing 
only a weak dependence on the choice of the parameters Wo 
and (j). 

The reason that the core radii are similar at all wave- 
lengths can be understood from some simple arguments. The 
light in all filters is dominated by stars with masses slightly 
above the turn-off mass (Fig. ^ . The red filters are domi- 
nated by giant stars at all ages. The optical and blue filters 
are also dominated by stars that are close to the turn-off 
point and not by the stars on the main-sequence. This is 
because the increase of the light-to-mass ratio with mass is 
much stronger than the decrease of the number of stars, and 
this holds for any realistic MF. That is, stars of similar mass 
dominate the light in all the filters at all ages. However, since 
stars of similar mass have similar spatial distribution in a 
mass segregated star cluster, the differences in the observed 
core radii are small. In the case of mass segregation, MF is a 
function of the distance to the cluster centre, r, such that the 
mean stellar mass decreases with r. Since most of the light 
comes from stars of similar mass, independent of the shape 
of the MF, the observed core radii are weakly dependent on 
how mass segregation is implemented in our model. 

The light-to-mass ratio in the centre of a segregated 
cluster can be several times larger than that of a simple 
stellar population (SSP) of the same age. Usually, the central 
mass density of a star cluster is estimated by using the light- 
to-mass ratio of an SSP model corresponding to the age 
of the cluster to convert the surface brightness profile to a 
surface density profile. Since in segregated clusters the light- 
to-mass ratio in the centre is higher, the central density will 
be overestimated. If the observed central surface brightness 
is fi, one can compute the "observed" central surface density, 
Sobs = {M / L)sspfJ,- The true surface density in the centre, 
Struc, we obtain from the input density profile. The relative 
difference between these two quantities is displayed in Fig. O 
Deviations from one are most prominent in the first 100 
Myr, where the maximum difference is about a factor of 
two. This is not a sensitive function of (f). However, in more 
concentrated clusters, Wo = 9, the density overestimation is 
larger by an additional factor of two (Fig. |3]) 

Our findings could explain the observed trend of de- 
creasing central sur face density with age in a s ample of LMG 
and SMC clusters (|Novola fc Gebhard t''2007''). If star clus- 
ters are born with a high central concentration, their central 
3D density will be overestimated by nearly an order of mag- 
nitude. 



3.2 Colour gradients 

An additional tracer of mass segregation is the colour of a 
star cluster as a function of the distance t o the cluster centre. 
Using a gas dynamics code, iFleck et all l|2006l ) studied mass 
segregation in young star clusters and found that the V — K 
difference between the inner and outer part of the cluster is 
roughly 0.1 magnitude in the first few 10 Myr, with the inner 
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Figure 2. Hertzsprung-Russell diagram of stellar isochrones in different filters. The thickness of the line represents the contribution to 
the cumulative luminosity function, that is L\ {•m)p{m) in which p(m) is the initial mass function. 
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Figure 3. Upper panel: The overestimate of the observed central surface density, AS = ^ahs ~ ^true, compared to the true central 
surface density in mass segregated star clusters as a function of age. The solid black line displays the overestimate assuming bolometric 
light-to-mass ratio (dotted blue line is for light-to-mass ratio in U filter, dashed green line is for V filter, and dash-dotted line is for I 
filter). Lower panel: The underestimate of the observed core radius, Ar = rtrue — ''obsi compared to the true core radii as function of 
age. The notation is the same as in the upper panel. The density profiles are King models with Wo = 5, 7 and 9 for left, middle and 
right panels. 



parts being redder. This difference, though small, might be 
observable. 

In Fig. 13] we display the colour as a function of r at 
different ages resulting from our models. The colour gra- 
dients has a notable dependence on (f) and, therefore, we 
covered three different values of (f>: 0.3, 0.5, and 0.7. Note 
that these three cases are all for the maximum degree of 
mass segregation, that is set by Uc- The value of controls 
the change of the MF with r and the colour variations are 
sensitive to the value of (j). In all cases, the largest colour 
gradient is observed only for the clusters with ages younger 
than a few times lOMyrs. The largest colour gradient of 
V — I is roughly 0.2 magnitude, whereas the gradient of 
[/ — B is barely observable. The clusters with high concen- 
tration exhibit higher colour gradient than the cluster with 
low concentration. In the course of time, however, the colour 
gradients become less prominent. We, therefore, expect that 
mass segregation might be detectable in young (< 100 Myr) 
star clusters through radial colour variations in 1/ — / or 
V-K. 



4 DISCUSSIONS AND CONCLUSIONS 

We have simulated observational properties of mass segre- 
gated star clusters with the aim to quantify the imprint of 
mass segregation on integrated cluster properties. We choose 
to model the segregated mass functions analytically based 
on results from observations and A^-body simulations. In or- 
der to calculate upper limits of the imprint of mass segrega- 
tion, we only considered clusters with the maximum possible 
degree of segregation which can be achieved in our model. 
While this may not necessary be reached through dynamical 
evolution, one may think of this setup as the result of a com- 
bination of primordial segregation combined with dynamical 
evolution. 

In young (~ 10 Myr) star clusters, we find only small 
differences (< 5%) between the core radius (rc) found in dif- 
ferent filters, and the differences becomes smaller for older 
clusters. The explanation for these small differences is that 
the most massive stars dominate the light in all filters at all 
ages. It, therefore, appears that the comparison of the mea- 
sure rc in different filters is not a particularly suitable tool 
to look for mass segregation in star clusters and, therefore. 
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Figure 4. Colour of the cluster as a function of projected distance to tlie cluster centre. The upper three panel shows U — B colour, 
whereas the lower panel displays V — I colour. The solid line represent displays colours of the cluster ii </> = 0.5, dashed line for = 0.3 
and dotted line for <j> = 0.7. The top panels use King density profile with Wq = 5, while the middle and bottom panels use King profile 
with Wo = 7 and 9 respectively. 



we do not expect that one could study whether the young 
star cluster is in core-collapse phase by using the hght alone 
l|Kim et al.ll2006l : iPortegies Zwart et al.ll2007l ). 

The observed rc is underestimated for young segregated 
star clusters. The difference with the real rc decreases with 
age and is only 10% at 1 Gyr compared to nearly a factor 
of two at 10 Myr and this does not depend on the clus- 
ter concentration. The same factor was found for the half- 
lig ht radius in gaseo us models of mass segregated clusters 
bv lBoilv et all l|2005l ). 

The underestimation of rc results in an overestimation 
of the observed central density. This is because the light-to- 
mass ratio in the centre of a segregated cluster can be an 
order of magnitude higher than that of a simple stellar pop- 
ulation without segregation and, therefore, central 3D mass 
density might be overestimated by nearly an order of mag- 



nitude. However, due to the projection the measured central 
surface density is overestimated by a factor of three, and this 
result slightly depends on the choice of Wo - In particular, for 
clusters with high concentration the central density might 
be overestimated by nearly an order o f magnitude . Thes e 
results are consistent with the finding of lBoilv et alj (|2005h . 

The observed central surface and core radius ap- 
proached its true value around 1 Gyr. We therefore conclude 
that light is not a good tracer of mass in young (< 100 Myr) 
star clusters that are segregated and this effect should be 
taken into account when trends of rc or central surface 
density with age are discussed (IScheepmaker et al. I l2007l : 



^ ,, I - lepr , . _ _ . 

iNovola fc GebharddlioOTl : iBastian et al.ll2008l ). FoTclusters 
with ages above 100 Myr these differences are smaller than 
20%. 

It is possible to observe mass segregation by looking 
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at colour differences between the inner and outer parts of 
star clusters. We find that our simulated clusters have V — I 
differences of roughly 0.1-0.2 magnitude between the cen- 
tre and the outer part of the cluster. This effect has been 
observed by iLarsen et al. in the ~ 20Myr old mas- 

sive cluster NGC 1569-B. The colour difference decreases at 
older ages. 

We would like to stress that our analytic results 
for the surface brightness profiles represent an observa- 
tional best case scenario. From the observational data, 
the accuracy of the determination will be lim- 
ited by photon noise, and perhaps more importantly, 
by stochastic effects in the stellar IMF. Several stud- 
ies have quanti fied the effect of stochastic fluctuations 
(see for example Lancon fc Mouhcind 2000l: Bruzual I2OO2I : 



ICervino fc Luridianall2004 ). iLancon fc Mouhcind (|2000^ de 
termine the age dependent minimum mass a cluster should 
have, such that the relative fluctuations around the mean 
flux, gl/L, is less than 10%, corresponding to roughly 0.1 
mag photometric uncertaintjQ. When flux is determined in 
the V-band, this minimum mass at ages of [10, 50, 200, 
1000] Myr is [10^ 2 10'', 10'', 6 10^] Mq. 

We predict that the most prominent feature of mass 
segregation in the integrated properties is a 0.1 mag differ- 
ence mV — I colour (Fig. HJ between the inner part and the 
outer part. In order to be able to report a detection of this 
difference, one needs an uncertainty of av-i « 0.1 mag 
and we adopt aL/L ~ 0.0 L 

iLancon fc Mouhcind l|2000l ) show that gl/L scales with 
(ViVL)"^ oc A^"^''^, since L (x N. This implies that 
the minimum masses quoted above have to be a factor 
(0.1/0.01)^/^ ~ 4.6 higher to be able to distinguish a radial 
colour variations due to mass segregation from stochastic 
fluctuations due to IMF sampling. For the 10 Myr case this 
implies a minimum mass of ~ 5 x 10^ Mq. This means it 
will be difficult to detect mass segregation in young mas- 
sive Galactic clusters, such as the Arches clusters or West- 
erlund 1. Even the cluster R136 in the 30 Doradus region 
in the Large Magellanic Cloud is probably of too low mass 
to detect mass segregation. R136 is probably a special case 
anyway, since it does not have red evolved stars, which all 
of our models do have. Young clusters more massive than 
~ SxlOfj^ are known, for exam ple in the A ntennae galax- 
ies ( IWhitmore fc Schweizeij 119951 ) and M51 (iLarsenl I2OO0I : 
iBast ian ot al. 200j), but these are too distant (> lOMpc) 
to be able to determine a colour gradient in the light pro- 
file. There are probably only a handful of candidate clusters 
that are resolved enough such that a colour gradient can be 
obser ved (for example some of the young massive cluster in 
M82 (|0'ConneU et al.iri995). the massive "young glo bular 
cluster" in NGC 6946 (lHodgdll967l:lLarsen et al.ll2002D and 
a few clusters in M83 (jLarsen fc Richtledl20o3 v 

An alternative method to detect differences in the IMF 
between the inner and outer parts would be to determine 
the spectral properties. If this can be done without changing 
instrument set-up, then no problems with changing PSFs or 
weather conditions should affect the observations. It would, 



^ Photometric uncertainty is calculated form the flux uncertainty 
in the foUowing way, cry = — 2.51og(l + ai^/L) mag. 



therefore, be interesting to investigate which spectral range 
would be most sensitive to changes of the slope in the IMF. 
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